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We describe a method for ultrafiltrable calcium involving the use of Worthington Ultrafree Anticonvulsant Drug Filters. When measured at 37 #{176}C, with mineral oil covering the sample to prevent loss of GO2, values for ultrafiltrable calcium correlated reasonably well (r = 0.91) with those for ionized calcium as measured with an ion-selective electrode. All patients' samples with significantly high or low values for ionized calcium were identified by the ultrafiltrationmethod, including one specimen for which the McLean-Hastings protein correction could not explain the discrepancy between ionized and total calcium. The method requires about 2 mL of serum, yields about 100 L of protein-free ultrafiltrate, and with it any laboratory with a semi-micro calcium method can measure ultrafiltrable calcium.
Additional
Koyphrases:
methods for the small laboratory
Much of the calcium in serum is inactive physiologically;
ordinarily, about 40 to 50% of itis"protein-bound," primarily to albumin, and another 10-15% "complexed" to variousan- calcium that is much easier than the previous manual methods, but the method requires equipment (and laboratory space) that is dedicated to that one determination.
Selective-ion electrodes that directly measure ionized calcium have also gained in popularity; but again, specialized and costly equipment is required.
In this paper, we describe a simple, rapid, inexpensive method for ultrafiltrable calcium that requires no specialized equipment and can be performed by any laboratorythat can measure total calcium in 100 AL of protein-free ultrafiltrate.
Materials and Methods
Collect blood in "serum separator" evacuated blood collection tubes (SST Vacutainer; Becton, Dickinson and Co., Rutherford, NJ 07070). Allow the blood to clot for 30 to 60 mm, and centrifuge the capped tubes at 2000 X g for 10 mm to position the serum separator material (a polyester gel). Once the serum separator is positioned by centrifugation, there is no demonstrable change in ultrafiltrable calcium concentration for at least 24 h if the tubes are kept capped and refrigerated.
Obtain serum samples for measurement of total, ionized, and ultrafiltrable calcium anaerobically through the rubber cap, by using a syringe and needle. Measure serum ultrafiltrable and total calcium by an o-cresolphthalein complexone colorimetric method (we used a discrete analyzer for this, the Abbott ABA-100 and Abbott "A-Gent" reagents and aqueous standards;
Abbott 5Mean ± 2 SD. tions modified only as follows. Place about 2 mL of serum in the filter reservoir and cover it with 1 mL of mineral oil, to minimize loss of CO2. Place the syringe-filter assembly in the rack provided by Worthington into an incubator set at 37 #{176}C, and after it has pre-warmed for 30 mm apply suction to the lower side of the filter housing by use of a 1-mL tuberculin syringe. After about 20 mm, when 100 to 200 AL of ultrafiltrate has accumulated in the syringe, remove it and assay the ultrafiltrate as described for total calcium. The ultrafiltration is thus carried out anaerobically at 37 #{176}C. The mean pH change during the ultrafiltration process was found to be +0.08 (SD = 0.008) with the mineral oil covering, as compared with +0.56 (SD = 0.08) without mineral oil. Table 1 shows the ultrafiltrable, measured ionized, calculated "ionized," and total calcium for a group of 22 healthy ambulatory outpatients, who were receiving a routine physical examination. Our reference intervals are comparable to those reported by Toffaletti and Bowers (9) Table 2 shows the day-to-day precision for total and ultrafiltrable calcium. Analyzing split samples from patients on successive days, and using range statistics (11), we obtained a comparable estimate of day-to-day precision (CV = 2.3%). Both estimates are comparable to that reported by Toffaletti et al. for their AutoAnalyzer method (8) . Figure 1 show the relation between ultrafiltrable calcium and total calcium for this group of outpatients plus 16 hospitalized patients with various disorders of calcium hemostasis. These patients were selected for ultrafiltrable and ionized calcium analysis by screening over 3000 specimens submitted for Technicon SMA 12/60 assay of calcium and total protein from a 690-bed Veterans Administration Hospital during one month. As shown in Figure 2 , with the ultrafiltration method we could identify all patients with significantly high or low values for ionized calcium. In all cases with high and all but one case with low total calcium, the calculated "ionized" calcium (2, 12) or calculated ionized calcium theoretically should be more useful than ultrafiltrable calcium. Such a discrepancy was encountered with the Hyland lyophilized control serum, which is prepared from pooled citrated human plasma. In both "Level I" and "Level II," over 85% of the total calcium was 0.5 1.0 1.5 2.0 ultrafiltrable, as shown in Table 2 . However, the measured values for ionized calcium were only 0.3 mmol/L for Level I and 0.7 mmol/L for Level II. by use of methods such as that described here will be needed to answer this question.
Results and Discussion

